Introduction {#sec0001}
============

Coronavirus disease of 2019 (COVID-19) has currently reached pandemic levels and neurological manifestations, including stroke as the initial presentation, have been increasingly recognized.[@bib0001], [@bib0002], [@bib0003] Majority of the reported ischemic strokes are large vessel occlusion or embolic appearing strokes and are frequently described in critically ill patients with severe COVID-19 disease[@bib0002], but small ischemic strokes have also been reported.[@bib0004] Recently, stroke as the presenting symptom in younger patients (\< 50 years of age) with mild COVID-19 disease has gained increased attention.[@bib0005]

We report the case of a young female with history of Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalopathy (CADASIL) with Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) virus with acute ischemic stroke as the sole manifestation. At the time of submission, there were no other prior publication reporting the rare combination of acute ischemic stroke in a CADASIL patient with SARS-CoV-2 virus.

Case report {#sec0002}
===========

A 37 years old African American female with prior medical history of controlled hypertension on a beta-blocker, migraines without aura, history of cigarette smoking, and genetically proven CADASIL mutation (heterozygous missense mutation; c.3062A\>G; p.Tyr1021Cys), that was on aspirin 81 mg daily as outpatient, who presented to our Emergency Room with the chief complaint of left leg weakness, dysarthria and ataxia. Symptoms were discovered by the patient in the morning upon wakening and resolved by the time she presented to ER. Review of symptoms was negative for gastrointestinal or flu-like symptoms, including cough, fevers, sore throat, malaise, shortness of breath, and myalgias. In addition, the patient denied exposure to individuals with flu-like symptoms or who were known to be positive for COVID-19. The general exam and the neurologic exam were unrevealing except for chronic left facial numbness. Vital signs on presentation were temperature of 98.1 degrees Celsius, heart rate of 69 beats per min, blood pressure of 140/99 mmHg and oxygen saturation of 100% on room air. Head computed tomography was negative for acute findings. MRI brain without contrast revealed an acute ischemic stroke in the right pons ([Fig. 1](#fig0001){ref-type="fig"} ) along with extensive chronic white matter signal abnormalities characteristic of CADASIL ([Fig. 2](#fig0002){ref-type="fig"} ) which were unchanged compared to a previous study.[@bib0006] MR angiogram of the head and neck showed patent cerebral vasculature with no evidence of large vessel occlusion ([Fig. 3](#fig0003){ref-type="fig"} ). Comprehensive metabolic profile on admission was unremarkable. Hemoglobin A1C was 5.5% and low-density lipoprotein cholesterol levels were 88 mg/dL. As part of the hospital admission protocol established at the beginning of the COVID-19 pandemic, the patient was screened for SARS-CoV-2 by using RT-PCR and nasopharyngeal swab which was positive. Inflammatory markers were not checked given patient being asymptomatic. Electrocardiogram revealed normal sinus rhythm. The patient had an echocardiogram in 2018 which was unremarkable and workup for procoagulability which was negative. Due to the low likelihood of cardioembolism and low pre-test probability, performing an echocardiogram was deferred to be done as outpatient when she cleared her COVID-19 infection. A chest X-Ray showed no evidence of consolidation or infiltration ([Fig. 4](#fig0004){ref-type="fig"} ). A lumbar puncture was not performed as the patient remained clinically asymptomatic throughout hospital stay with no evidence of CNS viral involvement. For the same reason, no treatment was initiated for COVID-19 infection. The patient was discharged on her home medication, aspirin 81 mg daily. In addition, atorvastatin, which the patient had self-discontinued, was resumed.Fig. 1MRI brain, axial view: A) diffusion weighed imaging showing an acute ischemic stroke in the R pons; B) Apparent diffusion coefficient sequence showing a matched reduction in the same location in the R pons, indicative of acute ischemic strokeFig 1:Fig. 2A--C: MRI brain non-contrast, axial views of the Fluid-Attenuated Inversion Recovery sequences showing chronic lacunar infarct in the L cerebellar peduncle and symmetric, bilateral periventricular and deep white matter hyperintensities, characteristic of CADASIL imaging findingsFig 2:Fig. 3A) 3-D reconstitution of the non-enhanced MRA head and neck showing no evidence of acute stenosis or occlusion; B) 3-D reconstitution of the MRA head, showing intact posterior circulation without evidence of stenosis or occlusionFig 3:Fig. 4Chest X-ray, Anterior-posterior view, showing no evidence of an acute cardio-pulmonary processFig 4:

Discussion {#sec0003}
==========

At the time of the submission of this case report, there were no other reported cases of acute ischemic stroke in a CADASIL patient with concomitant SARS-CoV-2 infection. CADASIL is a known cause of recurrent subcortical ischemic strokes due to small vessel arteriopathy caused by mutations in the NOTCH3 gene.[@bib0007] Smoking and hypertension, two cardiovascular risk factors present in our patient, are associated with one to three-fold increase in the risk of stroke in CADASIL[@bib0008] In our patient, both vascular risk factors were well controlled and vessel imaging revealed a patent vertebro-basilar arterial system ([Fig. 3](#fig0003){ref-type="fig"}) raising the question if SARS-CoV-2 is associated with the ischemic insult. The association between infection and stroke is complex and not completely understood. It has been shown that herpesviruses, such as varicella zoster virus, can invade the vessel wall causing cerebral vasculopathy. In comparison, cytomegalovirus, *Chlamydia pneumonie* and other pathogens have been associated with atherogenesis and atheromatous plaque instability. Furthermore, recent bacterial or viral infections are known to transiently exacerbate the deleterious effect of pre-existing vascular risk factors.[@bib0009], [@bib0010], [@bib0011] It has been proposed that infections create an inflammatory milieu that predisposes to stroke by activating prothrombotic pathways, affecting plaque stability, and inducing endothelial dysfunction, intimal thickening, and arterial wall remodeling. In the particular case of SARS-CoV-2, stroke has been associated with the activation of the renin-angiotensin system, procoagulability and the massive release of inflammatory cytokines (cytokine storm).[@bib0012], [@bib0013], [@bib0014], [@bib0015] SARS-CoV-2 invades cells through a spike surface glycoprotein on the surface of the viral envelope that binds the angiotensin-converting enzyme (ACE)2 found on the surface of epithelial cells in the host.[@bib0016] ACE2 participates in the conversion of angiotensin-2 (AT2) to angiotensin-1-7. AT2 binds the angiotensin-receptor type 1 and causes vasoconstriction, neuro-inflammation, oxidative stress and apoptosis. Angiotensin-1-7, in comparison, counterbalances the effects of AT2 and is associated with vasodilation and has anti-apoptotic, anti-inflammatory, anti-thrombotic, and antioxidant properties. It has been proposed that, by competing with AT2 for binding ACE2, SARS-Cov-2 induces activation of the angiotensin-receptor type 1 and causes stroke through its vasoconstrictor effect.[@bib0017]

Stroke in CADASIL has a predilection for subcortical structures. Brainstem involvement is more rare.[@bib0018] Interestingly, autopsy and animal studies have shown that coronaviruses may have a particular tropism to the brainstem, supporting the potential implication of SARS-Cov-2 in the development of stroke in our case. At the same time, studies done in preclinical models have shown that when coronaviruses invade medulla, there is an increase in mortality rates in the animals, presumably from dysfunction of the cardiorespiratory center in the brainstem.[@bib0019] ^,^ [@bib0020] Our patient had vascular risk factors for stroke, including smoking, hypertension, prior history of stroke and CADASIL. Her hypertension was well controlled and the CADASIL associated imaging changes have remained stable throughout the years. However, she continued to smoke. Thus, while it is possible that SARS-Cov-2 infection may have contributed to the etiology of the acute pontine stroke of our patient, we cannot conclusively prove causation.

It should be noted that most of our knowledge in relation to SARS-Cov-2-associated strokes is based on data obtained in single-center case series. Most of these studies include patients who, unlike our case, have severe respiratory distress syndrome, multi-organ failure and laboratory studies indicative of hypercoagulability and/or severe inflammatory state.[@bib0005] Multicenter efforts are currently underway to better characterize the full spectrum of clinical manifestations, etiologies risk factors, and outcomes of stroke associated SARS-CoV-2. [@bib0021]
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